orange, peach, etc. . . .) to brewing and baking. It is this last industry that we wish to concentrate on in the present paper (Table 1) .
Bread is the most widely eaten food in the world and it provides a larger share of people's energy and protein than any other food. For that txason it has often been called 'the staff of life.' Bread is made by baking dough, which consists chiefly of flour or grain meal mixed with water or milk. Whereas the people of Europe and North America mainly eat bread as loaves or rolls made with wheat flour, in other parts of the world people eat thin crisp sheets of bread called flatbread. In this latter case Bread can be divided into three main types, namely yeast bread, quick bread and flatbread. Yeast bread is raised (puffed up) by yeast. Quick bread on the other hand is raised by the use of a baking powder or some other leaven. Flatbread contains little or no leaven and is very popular in Central and South America where it is often called a tortilla. The same bread in India is called chapatti, whereas it is called pitta in the Middle East, where it is made from durum wheat ( Table 2) .
Most commercial bakers in Western Europe and North America use enriched dough for white bread. This enrichment consists of vitamins and minerals and also baking and shelf-life improvers. Amongst the baking improvers are included chlorine dioxide and potassium bromate. These help give bread a smooth, even, texture. The shelf-life improvers, including monoacylglycerols, help to keep bread from becoming stale, whereas calcium propionate helps to reduce the growth of mould and bacteria. Amongst the processing aids are enzymes.
Dough is made into bread by one of two processes, namely conventional bread making or continuous bread making. With conventional bread making the ingredients are mixed in one of two methods; the sponge-dough method or the straight-dough method. The two methods differ mainly in the way in which the yeast and flour are mixed. In the first method, about two-thirds of the yeast and flour are mixed together (normally 4-8 h) and allowed to form a sponge, which ferments for up to 16h (raises). At the end of that time the rest of the ingredients are added and a further fermentation is allowed to occur. In the straight-dough method, all the ingredients are combined at once and allowed to ferment for approx. l f 2 h.
After either of these methods, the dough is divided into pieces, shaped, and fermented again for a short period of time in a process called 'proving', and then baked in an oven at about 22OOC (450OF).
It is during the fermentation process that the structure and texture of the bread is developed, mainly due to the presence of a wheat protein called gluten. In continuous bread making, highly specialized mixing equipment is used to reduce the fermentation time. In the most common method all the ingredients except In all cases, the grain used for bread making contains a wide range of enzymes. Without these enzymes it would be impossible to manufacture baked goods. The main constituents of the grain flour are starch, proteins and pentosans. Although each of these components has a role to play in the bread structure, variations in either their level or physical structure can lead to baking problems. Enzymes help to overcome some of these variations. Some applications of non-protein digesting enzymes include the following. In the case of starch, the addition of a-amylases from either barley malt or from microbial sources such as Aspergillus oryzae help to control glucose production and are used wherever additional pan flow, dough conditioning, or improved crust colour are desired. Such products include English muffins, soft rolls and some breads. Bacterial amylases, which are derived mainly from B. subtilis, are relatively stable to baking temperatures compared with the fungal amylases, and hence some activity is retained in the finished bakery food. The amylase continues to dextrinize the starch while the bakery product is on the shelf, a desirable situation for products having typically chewy structures. These products include fruit cakes and brownies (squares of rich cake with nuts). The pentosans, which are particularly high in rye flour, where they take over a central role in gluten processing, are of great importance because of their capacity for binding water. By using a pentosanase these gums can be broken down, thereby reducing energy input and post-stiffening in doughs and batters. (Hasborg, 1981) .
Proteinase
The biological characteristics of wheat, flour dough or batter depend on the state of the protein present. In the preparation of the dough these proteins form a network which is responsible for the mechanical workability of doughs.
As shown in the model in Fig. 1 , the gluten network is made up by disulphide bonds. The more disulphide bonds present, the stronger and more difficult to work is the gluten. The proteinases break down this network by breaking the peptide bonds. The extent of breakdown depends on the enzyme used, its concentration, and the time at which it is added.
The enzymic cleavage leads to the formation of NH and CO,H groups. The NH groups can react with the sugar used in a particular formulation or produced by the a-amylases to give the well-known Malliard reaction, which is responsible for the desired browning or flavour formation. The network can also be broken down with use of amino acids such as cysteine, or sulphite. In certain countries, however, sulphite addition is no longer permitted. An instrument called an extensometer can monitor the degree of enzyme breakdown and also the level of water uptake. This instrument basically measures energy required to break the dough structure. The proteases used mainly in the baking industry are of three types: ( I ) fungal proteinases; (2) bacterial proteinases: and (3) vegetable proteinases. (Table 3) .
In addition to the above, other sources of proteolytic enzymes have been tried; for example, those from Streptomyces h.vgroscopicus (Belloc, 1975) . but in all cases the enzyme is expected to decrease the time necessary for fermentation and improve the quality of the bread produced by ensuring in particular a more uniform distribution of air cells in the soft part of the bread.
Fungal proteinases
Most of the fungal proteinases are derived from Aspergillus oryzae (Dubois, 1980) and they are available in a wide range of Invariably, a-amylase is present in most proteinase enzyme preparations as a trace enzyme. It is important to know both the proteinase and the a-amylase activity in any one system in order to determine which product is more appropriate for each application. Wide variations in the ratio of these two activities can occur, as shown in a typical analysis of two of our own products (Table 4 ). The enzymes are mixtures of endo-and exo-peptidases with optima pH ranges from 4.3 to 5.0 and temperature ranges from 30 to 50°C. Their use in food originated in the orient, where they were used for the production of soy sauces. Considerable difference exists in the proteolytic activity of different strains, and care must be taken in selecting the right enzyme. The fungal proteases at pH4.7 split the glycine-proline linkage rapidly and the isodeacyl-glycine linkage slowly. The standard proteinase strength measurement is the Anson (Miller & Johnson, 1951) method, which reports proteinase strength in terms of haemoglobin units (HU). This procedure uses haemoglobin as a substrate in determining the enzyme activity. Haemoglobin as a protein differs considerably from the wheat protein of gluten. Therefore the HU number should be used only as a guide to the relative strength of the proteinase system and it can bear little relationship to the product's performance under actual bake conditions. Invariably, it is recommended that an actual bake-shop test be carried out on the individual products.
The use of proteinases from Aspergillus oryzae in baking was officially recognized and permitted in 1952 (Federal Register, FDA, Federal Security Agency, Part 17, Bakers Products).
A typical procedure would be to add the fungal proteinase at a rate of 60000HU/1001b of flour. The enzyme is added to the sponge for a sponge dough (equivalent to I g per lOOlb or 0.002% of flour weight when proteinase with 6OOOOHU/g used.) the sponge is then fermented, dough-proved and baked. Typically the enzyme's effects are: ( a ) reduction of mixing time; (b) a yield loaf with better texture, crumb structure and crust colour (see Table 5 ).
The method of applying the enzymes also varies depending on the type of dough being used. In sponge-dough systems or in brew or continuous-mix systems where the brew contains the flour, the proteinase enzyme is normally added to the sponge or to the brew for maximum effectiveness.
In water-brew systems or in straight or no-time dough systems where the water brew contains no flour, there is no functional advantage in adding the proteinase enzyme to the brew. In these systems the proteinase enzyme is normally added directly at the dough-mixing stage. In these systems as much as two to three times the sponge-dough level of proteinase enzyme is recommended (Table 6) .
Proteinase enzymes are normally supplied to the baking industry in either bulk powder or in tablet or capsule form. The bulk powders are added with the other dry ingredients, whereas the tablets are suspended in small amounts of cold water before adding to the dough systems. Typical precautions include never suspending the tablets in the same water as the potassium bromate or as the enrichment ingredients. Furthermore, since the enzyme systems are adversely affected by concentrated salt solutions, the baker avoids suspending the enzymes in systems containing high levels of salt.
Fungal proteinase: malt-syrup blends
In addition to straight proteinase systems, very often a blend of proteinase and malt syrup is used. It is claimed that these 
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To sponge products provide proteinase activity for mix-time reduction, dough conditioning and at the same time have the usual benefits of a malt product, which include providing yeast nutrients (fermentable sugars), malty flavour, and crust colour. These products are normally sold in a liquid form containing 77-80% solids.
Bacterial proteinases
Bacterial proteinases are concentrates derived from Bacillus subtilis. Like the proteinases from fungal sources, they are available in both bulk powder and tablet and capsule form. Bacterial proteinase is particularly effective during dough mellowing and conditioning in saltine doughs because of the high enzymic activity in the pH 7 range. The pH optimum is in the range of 6-7 and the temperature optimum 50°C. These types of enzymes are also used for meat tenderizers and animal feeds.
Cracker sponges suitable for crackers and wafers are fermented from 18 to 20h, during which time considerable acidity is developed such that the initial pH of the sponge of 5.0 decreases to 3-4. At the dough-mixing or re-mixing stage, sufficient sodium bicarbonate is added to neutralize the acids and produce a dough of pH7.3-7.5. This dough is then fermented for an additional 4 h, and it is during this time that bacterial proteinase becomes particularly effective as a conditioner. The benefits noted from the bacterial proteinase in crackers include: reduced mixing time, more uniform rolling conditions for the dough, less bulkiness in the dough, and a product having a better rise and improved tenderness with less breakage. In addition, due to amino acid production, Maillard reactions producing crust colour occur. Normal rates are between 1-3g/1001b of flour.
Normally the proteinase may be added at either the sponge stage or the dough stage in saltine crackers. When added at the dough stage, considerably more (up to 2-3 times) enzyme is needed when compared with addition at the sponge stage.
Like powdered fungal proteinases, bacterial proteinases are extremely stable and retain up to 95% of their activity for 1 year when stored under cool dry conditions.
Bromelain
Bromelain is a proteolytic enzyme obtained from the pineapple plant. Bromelain tends to be a very-specific-acting proteinase, with more rapid action than other proteinase enzymes. Although bromelain contains a group of proteolytic enzymes, no amylase is present. Unlike the microbial proteinases, bromelain does not hydrolyse proteins to amino acids but rather to peptides. It is normally added at the dough stage in sponge-dough processes or brew processes. They are also very effective in a no-time dough system and chemically leavened products such as sugar wafers, wafRes and pancakes. Because of the speed at which the proteolytic activity occurs, care is to be taken in developing the optimum level for the benefits desired. Benefits often cited include freedom from 'gluten complex' often described as 'stringiness'. In addition, the batter does not stick to metal surfaces during processing. Bromelain tends not to be used in most breads because of the high oxidation levels due to use of bromates. which inhibit bromelain. 
Wafles
In the production of biscuits and waffles, gluten-weak flours are normally required. Previously there was no difficulty in obtaining such flours in Europe, but as more and more strong gluten varieties of wheat are grown in every country, this has become an area of some concern. High-gluten varieties of wheat intrinsically bind more water and this means that to achieve a lower viscosity, so as to make the dough manageable, additional water must be added. This water must be subsequently evaporated, leading to considerable energy expense and additional time.
The addition of proteinase to batter can substantially reduce viscosity. For practical purposes the enzyme preparations may be added in the bakery itself or in the mill. The pH of the wafAe batter, which depends on the individual recipe, should be monitored and should not be too far from the optimum pH of the individual enzyme being used.
The above review of an often-forgotten application of proteinases in this industry serves to illustrate the ever present biochemical application in these areas. Although these industries are small users of enzymes compared with the starch-processing industry, they nonetheless offer advantages and opportunities for small biochemical firms.
